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Do Engineering:
Teaching Platforms for Circuits Courses
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The Era of Experimentation
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Obs‘l'acles to Duplicating Edison’s Lab:

$ Cost

5 Accessibility & Time
Ratio




We need a “return to Edison”

T. 4, RDIBON
Eleotrie-Lamp

No. 223,898 Patented Jan, 27, 1880
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Challenge Faced by Engineering Educators

Educators are Pressured to
Increase student enrollment
Create more engaging hands-on experiences
Prepare students for an increasingly complex world

Make students more successful in the lab (minimize drop-out and
maximize output)

Constrained by

* Reduced budget

« Fewer credit hours

o With full research load

: 7 NATIONAL
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Circuits Teaching Solution
Analog, Digital and Power
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National Instruments Circuits Solution

* Scalable teaching software and hardware platform:
= Combined with curriculum and textbooks
= Developed to enable improved student comprehension
= Facilitates a “Do Engineering” focus in academia

Teaching
Software

o

Teaching
Laboratory
Hardware

Textbooks,
Curriculum,
& Courseware

Curriculum
Partners
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NI Multisim Circuits Teaching Environment

e |[nteractive circuit teaching solution
to engage students
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BN e (00 pee Biece 2000 Zeadate Traeafer Teah Repts  Querm Wndow  Hep

,D"—\‘-"‘:’Qﬁ\,*","" S Ep ilm e 1 ' LA L O

= Interactive components
= Intuitive instruments smere | il | —
» Rated components L

Ooutput
o )

e Circuit behavior visualization

= Easy-to-use analyses
= Rapidly adjustable
measurements instruments

= Correlation of theoretical and T
real measurements
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NI Multisim Circuits Teaching Environment

* Intuitive circuit drawing (schematic) environment
= Optimized for students to quickly focus on theory
= Rapidly define and simulate circuits in homework and lab-prep
= Change component values to learn how circuit behavior changes

* Simulations driven by industry standard SPICE
= Accurate simulations based upon SPICE/XSPICE parsers
= Measurement instruments to quickly visualize behavior
= SPICE analyses to translate “equations” into “understanding”

* Integration between circuit image and real lab hardware
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NI Multisim Circuits Teaching Environment
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Multisim Component Symbols

« Multisim contains thousands of components
= Analog, Digital, RF, Microcontroller, Virtual Components
= Interactive components can change value during simulation

«  SPICE models incorporated from leading manufacturers:
= Analog Devices
= Texas Instruments
= On Semiconductor

_
= Infineon o
= NXP
= Microchip 1
- Efc....
Analog Components Interactive Components
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NI Multisim Simulation

 Use simulation to teach/learn without being a SPICE expert

« Multisim facilitates education by interacting with SPICE, two ways

MCU Simulation Options
Stop Simulation

Pause Simulation

Start Simulation

Exercise 2 - Bandpass Filker (Complet |Tran: 0,084 5

Interactive Simulation Status

Simulation

>

Simulation Toolbar

Simulate

P Run F5

Instruments 3

Interactive Simulation Settings...

Digital Simulation Settings. ..
Analyses 3

Postprocessar,..
Sirulation Error Log/sudit Trail

#Spice Command Line Interface

Load Simulation Settings. ..

Save Simulation Settings. ..
Auto Faulk Option, ..
WHOL Simulation

Dynamic Probe Properties

Clear Instrument Data

Use Tolerances

DC Operating Point...
AC Analysis...
Transient Analysis. ..
Faurier Analysis...
Moise Analysis. ..

NMoise Figure Analysis. ..
Distartion Analysis. ..
DC Sweep,..
Sensitivity. ..
Parameter Sweep. ..
Temperature Sweep, .,
Pole Zera...

Transfer Function. ..
Worst Case...

Mante Carlo, ..

Trace ‘Width Analysis. ..
EBatched Analysis...
User Defined Analysis, ..
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Multisim Interactive Measurement Instruments

« 24+ instruments to rapidly measure and visualize results
 Connect instruments to circuits as done with real equipment
Double-click to interact with instruments exactly as in lab

Frequency Counter
Instruments Toolbar XFCl
Instruments =] 123
(3 T N T A W M oe WE( W O T oW oM e g | Y - T

, Schematic Symbol
Multimeter

Function Generator
Oscilloscope

| Freefounter XFC %)
Bode Analyzer E——
Logic Analyzer el —
Current Probe T —
LabVIEW Based Instruments T | [
Measurement Probe -
Front Panel

INSTRUMENTS
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Multisim Teaching Environment

* NI Multisim =1 .
= SPICE-based simulation o
= Analog, digital, mixed | —t
= Interactive parts
= Virtual instruments
= Circuit faults and restrictions

* Integration with NI ELVIS Il/Il+

= 3D virtual breadboard
= NI ELVIS instruments
= |nput/output of real-world signals

y NATIONAL

INSTRUMENTS
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o
NI ELVIS Measurement & Instrumentation Platform
Circuits Teaching Hardware

- Teaching platform developed for circuits education

- Includes 12 fundamental instruments used in laboratory
- Replaces traditional, singular use benchtop instruments

- Integrated prototyping breadboard enables: ..
- Students to quickly build circuits :
- Connect to measurement/analysis

- Seamless integration to Multisim to

compare and correlate real and simulated
- View, print or include measurements in lab reports

NATIONAL
ni.com INSTRUMENTS




Internal Circuit Protection NI ELVIS

Oscilloscope = Resettable fuses

« ELVIS Il+: 100MS/s Sampling Rat .
= ELVISII: 1.25MS/s single channd, USB Connectivity

= Plug-and-play capability
500kS/s two channel aggregate I = USB 2.0 Connection

16-bit resolution

1 to 1.5 MHz Bandwidth
1x and 10x probe

+10 V input range
AC/DC coupling

Function Generator

= 10 bit, £5V range

= (0.2Hzto 5MHz Sine

= 0.2Hzto1MHz
Triangle/Square

= Software or manual control

= BNC or prototyping board
connection

Digital Multimeter
= |solated measurements

= 5% digit resolution

__ = 60VDC, 20Vrms, 2ADC, 2 RMs,
100MQ




Digital Frequency H-Bridge DC Motor

Digital Thermometer LED Harp

Karaoke Circuits PID Motor Control

DC Motor H-Bridge Servo Motor Controller

Respiration Monitor Pitch Measurement

Resistor Color Code Pulse Width

Magnetic Field Modulation Output
Measurement Edge Counting

Light Intensity Angular Position
Measurement IV Curve Tracer

DC Motor Control Adjustable Pulse
Using a Tachometer Width Modulation

Digital Waveform
Measurement (NI
Get More Instruments
® Browse and download additional instruments and ELVlS Only)

application
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Begin Taking Measurements

Soft Front Panels
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Academic: NI ELVIS Industry: PXI
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NI ELVIS Measurement & Instrumentation Platform
Circuits Teaching Hardware

Mechatronics Controls

Analog/Digital _ ' Signals and
Communication systems

Fiber Optic - Microcontroller
Communication ™ Systems

Biomedical Green
Engineering Engineering




NI ELVIS Measurement & Instrumentation Platform
Circuits Teaching Hardware




The University of Manchester B

Teaching NI tools in our undergraduate courses is producing postgraduate
research students who can deliver practical instrumentation, control, and
communication solutions from day one. For them, the challenge is the

research and not the tools that are needed to deliver it
- Peter Green, Senior Lecturer

: NATIONAL
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5 Courses Using NI Tools All Year 1 Courses Using NI Tools
NSS Ranking Rises to 1 of 36 NSS Ranking Maintained at 1 of 36

0 Courses Using NI Tools
NSS Ranking 34 of 36
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Overall Satisfaction
Teaching of Course
Learning Resources
Overall Satisfaction
Teaching of Course
Learning Resources
Overall Satisfaction
Teaching of Course
Learning Resources

MANCH 1ESTER

The University of Manchester 824

of Manchester
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Do Engineering Anywhere,
Anytime
Extend leaming beyond the 1ab and lecture with

NI myDAQ, an affordable, student-ready
measurement and control device.

See key features of NI myDAQ

myDAQ Personal Instrumentation Platform

. Portable, cost-effective measurement and instrumentation platform
. USB connection to 8 instruments based on NI ELVIS
- Measure and visualize circuit data (as well other measurements)

- Engineering now possible anywhere (and everywhere)

NATIONAL
ni.com 35 INSTRUMENTS




Vision: Portable Lab for Independent Learning

Delivering a complete solution for student owned hands-on learning

LabVIEW NI Multisim

mnts
Textbook & Curriculum Application Software NI myDAQ

‘7 NATIONAL
’ INSTRUMENTS
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http://www.ntspress.com/index.aspx

-
NI myDAQ Features

Plug & Play Instruments
DMM * Oscilloscope * Func Gen . USB Bus Powered
Bode * DSA * ARB * Digital I/0

Computer Interface
LabVIEW using

NI DAQmMXx +15V and 5V

.—
Power Supply
- 8 Digital In/Out

1 Counter

Analog In/Out

2 ch, 200ks/s

*—1_ 3.5mm
Audio In/Out

Integrated DMM /

V, I, Q, Diode

INSTRUMENTS

y NATIONAL
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NI myDAQ Features

Plug & Play Instruments
DMM * Oscilloscope * Func Gen
Bode * DSA * ARB * Digital I/0

Computer Interface
LabVIEW using
NI DAQmx

Student Ready
Affordable

* Rugged

* Easy-to-use
Small form factor

Useful throughout curriculum

° USB Bus Powered

+15V and 5V
.—
Power Supply

- 8 Digital In/Out
1 Counter

Analog In/Out

2 ch, 200ks/s
*—1_ 3.5mm
Audio In/Out

NATIONAL
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NI ELVISmx Instruments for myDAQ

W NI ELVISmx Instrument Launcher

-----

DMM

Oscilloscope

Function Generator

Bode Analyzer

Dynamic Signal Analyzer
Arbitrary Waveform Generator
Digital Reader

Digital Writer

NATIONAL
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Begin Taking Measurements

Soft Front Panels
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Using the NI Circuits Solution

ﬂl‘heory

g Simulate

\
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CIRCUITS

Fawwaz T. Ulaby & Michel M. Maharbi: I | l S

NATIONAL TECHNOLDGY & SCIENCE PRESS

Engineering Signals
and Systems

Fowwar T Uleby
Andrew E. Yogle

N, Ia 2 1 DAO ILTISI
FINKER. LEARN. AND f\lfnlnrn (.m.nrnl NI myDAQ anp MULTISIM
DO ENGINEERING _S.\'S[c]‘n_\’ with PROBLEMS ror CIRCUITS
WITH NI n’\DAQ c l R C U ITS l_"‘lb\"l L':\'\," ‘ Fawreaz T. Ulaby and Michet M. Maharhiz

Rarey B Palim, |
LABORATORY :
COMPANION : a

o
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Demo NI Electronics Educational Platform
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Go to: Nl.com/Academic

Researchers | Students |

Learn how to
incorporate NI
LabVIEW in your
classroom and
laboratory for teaching.

Explore how to use
LabWVIEVV in scientific
cemputing and
experimental research
applications.

Discover how to use
LabWVIEW for your next
class assignment and
student design project.

» Go to section
®: Go to section ». Go to section

Shop Online Browse Featured Products View Application Areas
View Products with Academic Discounts Academic Software Licensing Measurements and Instrumentation
See If You Qualify for Discounts LabVIEW Circuit Design

NI Multisim Controi Design and Simulation

NI ELVIS Embedded Systems

NI myRIO RF and Communications

Academic Product Bundles Signal and Image Processing

NI myDAQ

What's New

See the New NI myRIO

Check cut the latest tool for student
design and teaching controls, robotics,
mechatronics, and embedded
concepts.

*». Learn more

LabVIEW Video Instruction

Use this centralized e-learning
experience to learn or teach LabVIEW
in a modularized and digestible format

». Get started

Evaluate NI myDAQ

Purchase the NI myDAQ Instructor
Examination Unit to evaluate hardware,
software, and courseware for your
class

». See unit detail

Find Courseware for Your
Class and Lab

Browse hundreds of resocurces for
homework problems, lab exercises,
example programs, and tutorials

#. Browse courseware



National Instruments Circuits Solution
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